Characterization of an aqueous extract of human placenta, used as a licensed drug for wound healing, leads to the identification of several bioactive components including polydeoxyribonucleotides (PDRNs). PDRNs are mixture of DNA fragments of different molecular weight. A spectrofluorimetric method of quantitation of PDRNs in the aqueous extract of human placenta by using ethidium bromide (EtBr) has been described here. It has been demonstrated by thin layer chromatography (TLC) followed by reversed phase HPLC that EtBr binds specifically with the PDRN fraction of the multi-component extract. The binding specificity of EtBr has been verified by the analysis of emission spectra of the extract. A concentration of 0.29 µg/ml EtBr exhibits a linear range of standard CT-DNA from 0.5 -5 µg/ml of buffer (R 2 = 0.992). The same concentration of EtBr shows a linear range of measurements of placenta extract from 5 -35 µl/ml of buffer (R 2 = 0.976). The points of the curve were the average of three sets where maximum variation observed was ±3%. PDRN content of the extract has been estimated based on the resultant fluorescence emission (after background correction) with respect to the standard calibration curve of calf thymus DNA (CT-DNA). Estimation of PDRN in a large number of batches of placenta extract (n = 100) has been done. The statistical analysis of the estimation was found to be significant and the lower and upper levels of PDRN were 158.30 and 239.03 µg/ml of the extract respectively. This easy-to-use method of estimation of PDRN in multi-component biological extract is reported for the first time. This will help in quantitation of PDRNs for other biological extracts.
Introduction
Aqueous extract of human placenta is used as wound healer from distant past and it contains several bioactive therapeutic molecules. The wound healing potency and anti-inflammatory action of the extract is clinically well established. The extract is successfully used in chronic non-healing wounds including post-surgical dressings, high degree burn injuries, etc. [1] [2] . The healing characteristics of placental extract are mainly attributed to the numerous biologically active substances like peptides, growth factors, glycosaminoglycans, polydeoxyribonucleotides (PDRNs) and several small molecules which are indispensable to foetal growth and protects the foetus against any pathophysiological condition [3] [4] . Its significant role in the various stages of healing has also been observed by its effective stimulation of collagen synthesis during regeneration and epithelialisation [5] .
Earlier it has been demonstrated that the aqueous extract of human placenta contains a significant amount of PDRNs. The quantification of PDRNs has been done by HPLC after fractionating the component from the extract [3] . PDRN is the active fraction used as tissue repair-stimulating agent and is extracted from the different biological source in the western world [6] . The fraction is obtained by an extractive process with a high temperature in order to purify the substance. This compound holds a mixture of deoxyribonucleotide polymers with chain lengths ranging between 50 and 2000 base pairs, and may also represent the source of purine, pyrimidine and deoxynucleosides/deoxyribonucleotides and bases. In vitro PDRN has shown to enhance the growth rate of human fibroblasts and osteoblasts in primary cultures at therapeutic concentrations [7] [8] . Recent clinical studies have also pointed out that PDRN promotes a more rapid healing process of autologous skin graft donor sites and stimulates corneal epithelium regeneration after photorefractive keratectomy [9] . The favorable effect on cell proliferation enhancement appears to be mediated by the activation of purinergic A 2 receptor [10] . Further, PDRN has also not been studied extensively in vivo, especially in situations of diabetes-related healing deficit [11] [12] .
Characterization of an aqueous extract of human placenta which is used as a licensed drug, leads to the identification of several bioactive components like NADPH [13] [14] ; fibronectin type III-like peptide has been shown to stabilize trypsin activity [4] [15] and a ubiquitin-like peptide which exhibits collagenolytic activity and is probably involved in the remodelling phase of healing [16] . The extract also exhibits anti-microbial activity against commonly occurring pathological organisms [17] , in vitro induction of NO by mouse peritoneal macrophages [18] along with enhancement of cell adhesion [19] . These findings emphasize the regulatory action exhibited by the placental extract. We have also reported that the aqueous extract of human placenta manufactured indigenously contains PDRNs. It has also been shown that PDRN fraction of the extract posses' inhibitory effect on the growth of a large variety of microbes like bacteria and fungi [17] . The main target of this study is to quantify PDRNs as one of the most biologically active components present in an aqueous extract of human placenta.
Ethidium Bromide (EtBr) is the most widely used fluorescent dye in nucleic acid gel electrophoresis since decades. While investigating sensitivity and dynamic range of available fluorophores, it has been found that EtBr permits much more sensitive fluorimetric measurements of DNA than previously thought [20] . Earlier report demonstrated a revised and accurate protocol for EtBr-based DNA quantification in solution which usefully complements the widely used indirect quantification of DNA on agarose gels [21] [22] . But there is no such method available in the literature for the quantitation of PDRNs by fluorescence spectroscopy. Here we report for the first time the quantitation of PDRNs in aqueous extract of human placenta by ethidium bromide as fluorephore. Further the consistency of the PDRNs in different batches of the extract has also been measured to check its reproducibility and subsequent statistical analysis have also been done.
Materials and Methods

Reagents
The drug "Placentrex", an aqueous extract of human placenta was manufactured by Albert David Ltd, Kolkata, India. Each milliliter of the drug was derived from 0.1 g of fresh placenta. A single batch was prepared from the pool of several placentae [13] . The following fine chemicals were procured as mentioned: Acrylamide, Bisacrylamide from Fluka, USA; Tris-HCl, Borate, Ethidium bromide (EtBr) of SRL, India, Calf thymus DNA (CT-DNA) (Sigma); EDTA (Ethylenediaminetetraacetic acid), TEMED (Tetramethylethylenediamine), ammonium persulphate (APS) were from Merck, bromophenol blue and glycerol were from Qualigen; 1000 bp DNA marker was from Fermentus.
Preparation of Concentrated Placental Extract
Placental extract in 25 ml volume as supplied, was dried in wide mouth glass beaker in vacuum desiccators over sodium hydroxide pellets at ambient temperature. The dried mass was reconstituted with 250 µl of water after slowly stirring with a glass rod and collected. Recovery from the beaker was repeated twice using 25 µl of water and the pooled fraction was centrifuged in 1.5 ml eppendorff tubes at 10 K rpm for 10 min in a bench top centrifuge. The yellowish liquid that was separated between the precipitate and the floating fat layer was carefully collected as far as possible. It was centrifuged again to collected clear solution for analysis in TLC and subsequent HPLC studies.
Optical Instruments
Fluorescence was recorded with a PerkinElmer LS-55 recording spectrofluorimeter with a 3 ml quartz cuvette. Excitation and emission slit widths were 10/5 nm. Optical absorbance were measured with a digital UV-Vis spectrophotometer (model No. UV-1601 of Shimadzu).
Polyacrylamide Gel Electrophoresis (PAGE)
A 15% poly acrylamide gel was prepared by following standard protocol. The composition of the gel was 3 ml of 30% Acrylamide:Bisacrylamide (37.5:1), 0.6 ml of 10× TBE, 2.4 ml sterile water, 60 µl 10% APS and 6 µl TEMED. The wells of the gel were washed with the TBE buffer in order to flush out any remnant gel. Then the gel was inserted into the gel running system and running buffer (0.5× TBE) was added. The wells of the gel were loaded with the samples i.e. 100 fold concentrated placenta extract (i.e. Placentrex) in different concentrations along with standard DNA marker. The electrophoresis was completed at 10 mA current. Sample was loaded with Etbr and the gel is visualized through UV transilluminator.
Thin Layer Chromatography (TLC)
TLC were done with two solvent systems: a) ethanol: ethyl acetate: water (70:20:10 (v/v/v)) and b) ethanol: methanol: ethyl acetate: water (50:30:10:10 (v/v/v/v)) using 10 × 5 cm silica gel 60 F 254 aluminium impregnated TLC sheets (Merck, Germany). Chromatograms were developed at 28˚C and the spots were viewed under short wavelength UV irradiation at 254 nm and long wavelength at 366 nm by TLC photo documentation unit (DESAGA, Sarstedt-Grupe, Cab-UVIS, Germany). Placental extract was concentrated 50-fold under vacuum from which 5 µl extract with EtBr (35 ng), 5 µl of extract and only EtBr (35 ng) were applied on TLC plates. Concentration of the drug did not leave any precipitation or turbidity.
From the TLC plate the separated spots of placenta extract was eluted. The portion of the TLC plate containing the spots was carefully cut. Then the small pieces of the plates were dissolved into the 1 ml of Na-phosphate buffer (pH 7.4) in 5 ml glass tube for 1 hr. While the silica gel gets suspended into the buffer, the solution was centrifuged at 10 K rpm for 10 min. Then the supernatant was subjected to further analysis.
Reversed-Phase (RP)-HPLC
The eluted spots along with standard CT-DNA was also analyzed using reversed-phase C 18 -analytical column (4.6 mm × 150 mm; 5 µ particle size) of Phenomenex, equilibrated with 20 mM Na-phosphate buffer, pH 7.5. All the samples were eluted isocratically with the same buffer at a flow rate of 1 ml/min and were monitored at 220 nm as well as 260 nm [3] .
Spectrofluorimerty
Preparation of CT-DNA as Standard
CT-DNA was dissolved in distilled water to prepare the stock concentration of 0.8 mg/ml. The concentration was confirmed by measuring absorbance of the solution using the procedure provided by the manufacturer (Sigma, USA).
Preparation of EtBr
EtBr 0.7 mg/ml was dissolved in distilled water. Finally, the working solution was prepared at a concentration of 0.014 mg/ml. The concentration of the working solution was further verified with the molar extinction coefficient of EtBr i.e. ε 476 = 5680 M −1
•cm −1 . To reach the best signal-to-noise ratios, EtBr was tested in different concentrations (0.07, 0.14, and 0.29 µg/ml) by measuring fluorescence (Ex: 270 nm). It has been observed that at Ex: 270 nm and Em: 550 -830 nm the EtBr 0.29 µg/ml has no detectable fluorescence.
Preparation of Buffer
A) 7.27 g of Tris (hydroxymethyl) aminomethane and 5.27 g of sodium chloride was dissolved in 1000 ml distilled water and the pH was adjusted to 7.4 by 1 (N) HCl. B) 0.1 mM EDTA was prepared in distilled water. Working solution was prepared by mixing 250 µl of solution A & 250 µl of solution B in a volumetric flask and final volume was adjusted to 250 ml with distilled water [20] .
Procedure
In a 3 ml cuvette, 5 µl of placenta extract was taken in 2 ml of buffer (Tris-EDTA, pH 7.4) and the fluorescence emission between 550 -830 nm was measured after excitation at 270 nm (a). 5 µl of placenta extract and 20 µl of Etbr from 0.014 mg/ml of working solution (i.e. 0.29 µg/ml) was taken in total volume of 2 ml of buffer. The solution was mixed well and subjected to fluorescence analysis. Emission spectrum (550 -830 nm) of the solution was taken after excitation at 270 nm (a'). The resultant spectrum was derived by subtracting (a) from (a') with the system of data handling provided by the in-built software "FL WinLab". The fluorescence intensity was measured at emission maxima (i.e. 617.0 nm) of the resultant spectrum. In all the measurement background correction was done by the buffer.
Results
Polyacrylamide Gel Electrophoresis
50 fold concentrated placenta extract in different concentrations were run along with 1000 bp DNA marker in a polyacrylamide gel in order to visualize the separation of DNA fragments based on their size. Fluorescence could be visualized through UV transilluminator in presence of EtBr in the samples. In case of placenta extract a smear has been observed probably due to the different sized PDRN fragments present in the extract. Reasonable amount of fluorescence was detected in case of the DNA marker (Figure 1). 
Thin Layer Chromatography
In TLC with silica gel, two solvent systems were selected where the R f of different spots of placenta extract and that of with EtBr varied between 0.4 and 0.9 and their migrations were compared and monitored at 366 nm and 254 nm (n = 3) ( Table 1) . In all sets, EtBr were included as control. A representative picture of TLC has been shown in Figure 2 . In both the chromatograms (Figure 2 . profile 1 & profile 2) the components of the extract were distinctly separated. It was observed that a fraction of the extract binds with EtBr and during binding the spectral property of EtBr has also been changed (profile 1 C, Figure 2) . The separated spots were detected for the placental extract in both the chromatograms (profile 1 & 2, B) . Placental extract in addition to the nucleotides contain other components as well which had different R f ranging from 0 to 1 in different solvent system ( Table 1) . Spots from placental extract had some trailing and were found to be diffused possibly due to salts and other accompanying materials.
Reversed Phase HPLC (RP-HPLC)
To confirm the identity of the component of the extract that binds with EtBr and distinctly separated in TLC (profile 1, B2, Figure 2) , the spot was eluted from the TLC plate and subjected to reversed phase HPLC analysis. The RP-HPLC profile of the spot was monitored at 220 as well as 260 nm under defined conditions has been shown in Figure 3 . It shows occurrence of two major (retention time Rt = 3.5 ± 0.05 and 4.9 ± 0.05 min) peaks at 220 nm and one major peak at 260 nm (retention time Rt = 3.5 ± 0.05 min) (n = 3). Retention of CT-DNA under identical conditions corresponded to the peak Rt = 3.5 ± 0.05 min at 220 nm (Figure 3) . The peak of the spot B2 (Figure 2 ) also corresponds to the peak of CT DNA when monitored at 260 nm. It was observed that the elution profile of CT-DNA was different from the profile of B2 at 260 nm. 
Spectrofluorimetric Analysis
1) Preparation of standard curve by CT-DNA
CT-DNA working solution in water was prepared at a concentration of 0.2 mg/ml. A calibration curve was constructed with 0.5 -5 µg/ml of CT-DNA with a fixed concentration of EtBr (0.29 µg/ml) in Tris-EDTA buffer (pH 7.4) against fluorescence intensity (ex: 270 nm; em max : 599 nm; slit-widths ex/em: 10/5 nm) linear dependence was observed (R 2 = 0.992, R 2 = regression coefficient). The points of the curve were the average of three sets where maximum variation observed was ±3% (Figure 4) .
2) Preparation of standard curve of Placental Extract Different concentrations of placenta extract (5 -35 µl/ml) were taken in Tris-EDTA buffer (pH 7.4) with a fixed concentration of EtBr (0.29 µg/ml) and were subjected to fluorescence analysis. Placenta extract demonstrated linear dependence of fluorescence intensity (ex: 270 nm; em max : 578.50 nm; slit widths ex/em: 10/5 nm) with concentration under the experimental conditions (R 2 = 0.976). The points of the curve were the average of three sets where maximum variation observed was ±3% (Figure 5 ). 
3) Determination of PDRN concentration
The resultant spectra were obtained by subtracting the spectral value of the background emission spectrum of placental extract (ex: 270 nm) marked as (a), from the spectrum of placenta extract with EtBr (ex: 270 nm) marked as (a') ( Figure 6 & Figure 7) . Concentrations of PDRNs in test samples i.e. human placenta extract of different batches (n = 100) were calculated from the standard curve of CT-DNA based on the intensity of resultant spectra (i.e. a'-a) at emission maxima (i.e. 617.0 nm) (Figure 7) . This spectral arithmetic was done by the data analysis tool of the inbuilt software FL-WinLab of the instrument. Furthermore, by increasing concentration of the extract (from 5 µl -35 µl), with and without the fixed concentration of EtBr (0.29 µg/ml), the difference in F.I. were obtained from the "resultant spectra" at two specific wavelength. It has been observed that at 564.5 nm the F.I. was increasing while at 617.0 nm was decreasing in nature. Both the increment as well as decrement of F.I. in "resultant spectra" shows linear dependence at the specified wavelength (Figure 8 & Figure 9) .
Statistical Analysis
The statistical analysis of the data has been done considering 2-sigma limit (Figure 10) . One can use 3-sigma limit for quality control check as this is a standard one and contains 99.73% observations when the underlying variable follows a normal (Gaussian) distribution. The reason of taking 2-sigma here is to be stricter about quality Figure 6 . Emission spectra of placenta extract 2.5 µl per ml of buffer (a); placenta extract 2.5 µl with EtBr of 0.29 µg/ml per ml of buffer (a') (Ex: 270 nm). 
Discussion
PDRN has no such antigenic properties since it consists of low molecular weight DNA fragments, can be defined as deoxyribonucleotide linear polymers [23] . The ability of PDRN to promote wound healing was also confirmed by several studies [6] - [12] . An aqueous extract of human placenta used as wound healer is a rich source of bioactive peptides like fibronection type III, ubiquitin, some small molecules including PDRNs [13] - [17] . In PAGE of the placenta extract viewed with EtBr, a smear has been observed probably due to the different sized PDRN fragments present in the extract (Figure 1) . The same kind of profile of PDRNs in aqueous extract of human placenta had been shown earlier by Tonello et al. [3] . In PAGE, a fluorescence band was observed at the top which may be a fraction of PDRNs bound with peptide molecule/s present in the extract. This is likely to be happened in multi-component extract due to its manufacturing in relatively harsh condition with excess temperature and pressure. Earlier quantitation of DNA has been demonstrated by spectrofluorimetry using EtBr since the fluorephore specifically binds with DNA [21] . PDRN is a mixture of small sized DNA fragments of different molecular weight, an attempt has been made whether the fluorimetric method by using external fluorephore (EtBr) is workable for its estimation in such a multi-component biological extract. The fluorescence intensity was observed at Em max after excitation at 270 nm (Em: 550 -850 nm). This was considered after ascertaining the fact that EtBr alone has no detectable fluorescence in the said spectral zone. But after binding with the specific component of the extract the spectral property of the EtBr has been changed which is distinctly observed also in TLC (profile 1. spot A and B) (Figure 2) .
A concentration of 0.29 µg/ml EtBr allowed to reach a detection limit of 0.5 µg/ml of standard CT-DNA, with a linear range from 0.5 -5 µg/ml of buffer (R 2 = 0.992). The same concentration of EtBr exhibits a linear range of measurements of placenta extract from 5 -35 µl/ml of buffer (R 2 = 0.976). The points of the curve were the average of three sets where maximum variation observed was ±3%. During fluorescence analysis the shift of em max about 20 ± 2 nm from standard CT-DNA has been found for placenta extract. It could be considered as the binding of EtBr with the DNA fragments present in the multi-component extract. This binding was further confirmed by TLC analysis by observing distinct separated spot of placenta extract bound with EtBr (profile 1, B2). Earlier spectral shift in placenta extract has also been observed in case of NADPH quantitation [13] . The spectral shift is a common phenomenon for the binding of fluorephore in with the specific molecules in a multi-component system [13] [14] . It has been observed that the extract without addition of EtBr has some background fluorescence in the said spectral zone. For obtaining "resultant spectra" background fluorescence correction was done for the proper estimation of PDRNs (Figure 7) . Moreover, by increasing concentration of the extract with and without the fixed concentration of EtBr the differences in F.I. were obtained from the 'resultant spectra'. It has been observed that at 564.5 nm the F.I. was increasing while at 617.0 nm was decreasing in nature (Figure 8 and Figure 9 ). This observation also indicates the binding of EtBr with the specific component of placenta extract.
TLC of placenta extract shows separation of components of placenta extract (Figure 2 , profile 1 & 2) as well as binding of EtBr with the specific component of the extract (Figure 2, Profile 1(C) ). An attempt has been made to confirm the component that binds with EtBr was deoxyribonuleotides. The separated spot was eluted from TLC plate by using standard protocol (described in 2.5) and subjected to RP-HPLC analysis. HPLC demonstrates that the peak of the eluted fraction of the extract corresponds to the standard CT-DNA when monitored at 220 as well as 260 nm. The retention time of the major peak of both the sample and standard were identical when monitored at 220 nm (Figure 3) . But it has also been found that the profile CT-DNA was a bit different from the profile of spot B2 when monitored at 260 nm. This is most likely because placenta extract contains mixture of deoxyribonuleotides (i.e. PDRNs) and the difference is obvious at 260 nm when compared with the standard CT-DNA (Figure 3 ).
Conclusion
We have developed the method for estimation of PDRNs in aqueous extract of human placenta by fluorescence spectroscopy for the first time and it is successfully implemented for the analysis of different batches of placenta extract (n = 100). Earlier the batch wise consistency of different components of the indigenous aqueous extract of human placenta had been reported [24] . Here, the estimation of PDRN of different batches of placenta extract is also found to be significant by statistical analysis and the lower and upper levels are 158.30 and 239.03 µg/ml respectively. In summary, consistent presence of PDRN in the extract has been demonstrated by the spectroflurimetric method. Since the role of PDRNs in anti-inflammatory action as well as tissue repair through varied mechanisms are well known [6] - [12] , it is likely to act as an active components in the extract analyzed. Moreover, this easy-to-use method will help in quantitation of PDRNs for other biological extracts.
